IN THE CLAIMS: 

1. (Previously Presented) A speed sensing system for measuring the 
speed of a target object, comprising: 

a first differential speed sensor unit operatlvely disposed adjacent a surface of 
said target object, said first differential speed sensor unit configured to generate a first 
differential signal responsive to the passage of at least one random feature of said 
target object; 

a second differential speed sensor unit operatively disposed adjacent a surface 
of said target object and displaced at a predetermined distance from said first 
differential speed sensor unit substantially in a direction of motion of the target object, 
said second differential speed sensor unit configured to generate a second differential 
signal responsive to the passage of said at least one random feature of said target 
object; and 

a signal processor configured to receive said first and second differential signals, 
said signal processor further configured to apply a cross correlation analysis to 
determine a phase shift between said first and second differential signals, said phase 
shift inversely proportional to a speed of said target object. 

2. (Cancelled) 

3. (Cancelled) 

4. (Cancelled) 

5. (Previously Presented) The speed sensing system of Claim 1 wherein 
said first and second differential speed sensor units each include at least one eddy 
cunrent sensor; and 
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wherein said at least one feature is a random subsurface target feature. 

6. (Previously Presented) The speed sensing system of Claim 1 wherein 
said first and second differential speed sensor units each include at least one optical 
sensor 

7- (Previously Presented) The speed sensing system of Claini 1 wherein 
said signal processor is configured to filter direct-current components from said first and 
second generated differential signals such that said generated differential signals have 
a zero signal mean. 

8. (Currently Amended) The speed sensing system of Claim 1 A speed 
sensino system for measurino the speed of a tarcet object, comprisinc: 

a first differential speed sensor unit operativelv disposed adjacent a surface of 
said target obiect. said first differential speed sensor unit configured to generate a first 
differential signal responsive to the passage of at least one random feature of said 
target obiect: 

a second differential speed sensor unit operativelv disposed adjacent a surface 
of said target obiect and displaced at a predetermined distance from said first 
differential speed sensor unit substantiallv in a direction of motion of the target object, 
said second differential speed sensor unit configured to generate a second differential 
signal responsive to the passage of said at least one random feature of said target 
obiect: 

a signal processor configured to receive said first and second differential signals. 
said signal processor further configured to appiv a cross correlation analvsis to 
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determine a phase shift between said first and second differential signals, said phase 
shift inversely proportional to a speed of said target object: and 

wherein said signal processor is configured utilize a Fast Fourier Transform- 
based algorithm to determine a cross correlation function between said generated 
differential signals, said cross correlation function defined by: 

where 

xi is said first generated differential signal; 
X2 is said second generated differential signal; 
f is a signal time; and 

X is a time delay between said generated differential signals. 

9. (Original) The speed sensing system of Claim 8 wherein said phase shift 
is associated with a maximum value for said cross correlation function; and wherein 
said signal processor is further configured to determine a maximum value for said cross 
correlation function; 

wherein a speed v^of said target object is determined from: 

where L is said predetermined distance; and 

To is a time delay corresponding to said determined maximum value for said 
cross correlation function. 
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10. (Previously Presented) The speed sensing system of Claim 1 wherein 
said first differential speed sensor unit and said second differential speed sensor unit 
are disposed within a common housing. 

11. (Previously Presented) The speed sensing system of Claim 1 wherein 
said at least one random target feature is a surface feature of the target object. 

12- (Previously Presented) The speed sensing system of Claim 1 wherein 
said at least one random target feature is a subsurface feature of the target object. 

13. (Currently Amended) Tho spood sonoing system of Claim 1 A speed 
sensing system for measuring the speed of a target obiect. comprising: 

a first differential speed sensor unit operativelv disposed adjacent a surface of 
said target object, said first differential speed sensor unit configured to generate a first 
differential signal responsive to the passage of at least one random feature of said 
target object: 

a second differential speed sensor unit operativelv disposed adjacent a surface 
of said target obiect and displaced at a predetermined distance from said first 
differential speed sensor unit substantiallv in a direction of motion of the target object, 
said second differential speed sensor unit configured to generate a second differential 
signal responsive to the passage of said at least one random feature of said target 
object: 

a signal processor configured to receive said first and second differential signals, 
said signal processor further configured to apply a cross correlation analvsis to 
determine a phase shift between said first and second differential signals, said phase 
shift inversely proportional to a speed of said target obiect: 
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whoro each of said first and second differential speed sensing units [[has]] 
having an identical sampling rate; and 

wherein said identical sampling rate, is substantially greater than a signal 
variation rate for said first and second differential speed sensing units. 

14. (Currently Amended) A method for speed measurement of a target 
object, comprising the steps of: 

observing at a first point, a passage of at least one random feature of the target 

object; 

generating a first signal responsive to said passage of said at least one random 
feature at said first point; 

observing at a second point, displaced at a predetermined distance from said 
first point in a direction of motion of said target object, said passage of said at least one 
random feature of the target object; 

generating a second signal responsive to said passage of said at least one 
random feature at said second point; 

observing at a third point, displaced from said first point at least perpendicularly 
to the motion of said target object, a passage of at least one additional random feature 
of the target object; 

generating a third signal responsive to said passage of said at least one 
additional random feature of the target object; 

observing at a fourth point, displaced at said predetermined distance from said 
third point in a direction of motion of said target object, said passage of said at least 
one additional random feature of the target object; 
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generating a fourth signal responsive to said passage of said at least one 
additional random feature at said second point; 

determining a first differential signal from said first and third generated signals; 

determining a second differential signal from said second and fourth generated 
signals; 

filtering direct-current components from said first and second differential signals; 

applying a cross correlation analysis with a Fast Fourier Transform-based 
algorithm to calculate a phase shift between said filtered first and second differential 
signals, said phase shift inversely proportional to a speed of said target object : and 

qeneratino an output sional utilizing said calculated phase shift, said output 
signal representative of a speed of said target object . 

15. (Previously Presented) The method of Claim 14 for speed measurement 
of an object wherein said phase shift is associated with a maximum value of a cross 
correlation function between said filtered first and second differential signals, and 
wherein said step of applying further includes calculating said maximum value of said 
cross correlation function between said filtered first and second differential signals, said 
cross correlation function defined by: 




where Xi is said first differential signal; 



X2 is said second generated differential signal; 



f is a signal time; and 



X is a time delay between said first and second differential signals. 
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16. (Original) The method of Claim 15 for speed measurement of an object, 
further including the step of determining a speed v of said target object from: 

where L Is said predetermined distance; 

and To is a time delay corresponding to said determined maximum value for said 
cross congelation function. 

17. (Cancelled) 

18. (Original) A method of Claim 14 for speed measurement of a target 
object further including the step of: 

determining a relative position of the target object from said calculated phase 

shift. 

19- (Original) The method of Claim 18 for determining a relative position of a 
target object wherein said determining step includes the step of integrating a calculated 
speed of said the target object with respect to time. 

20- (Currently Amended) Tho opood sons i ng oystom of C l aim 1 A speed 
sensing svstem for measuring the speed of a taraet obiect, comprisina: 

a first differential speed sensor unit operativeiv disposed adiacent a surface of 
said target obiect. said first differential speed sensor unit configured to generate a first 
differential signal responsive to the passage of at least one random feature of said 
target obiect: 

a second differential speed sensor unit operativeiv disposed adiacent a surface 
of said target obiect and displaced at a predetemiined distance from said first 
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differential speed sensor unit substantially in a direction of motion of the target object, 
said second differential speed sensor unit confioured to generate a second differential 
signal responsive to the passage of said at least one random feature of said target 
obiect: 

a signal processor configured to receive said first and second differential signals, 
said signal processor further configured to apply a cross correlation analysis to 
determine a phase shift between said first and second differential signals, said phase 
shift inversely proportional to a speed of said target object: 

wherein said first differential speed sensor unit includes first and second speed 
sensors spaced at least perpendicular to a direction of motion of the target object, each 
of said first and second speed sensors configured to generate a signal responsive to 
the passage of at least one feature of said target; 

wherein said second differential speed sensor unit includes third and fourth 
speed sensors spaced at least perpendicular to a direction of motion of the target 
object, each of said third and fourth speed sensor units configured to generate a signal 
responsive to the passage of at least one feature of said target object; 

wherein said first and third speed sensors are disposed along a common line . 
parallel to the direction of motion of the target object; 

wherein said second and fourth speed sensors are disposed on a second 
common line parallel to the motion of the target object; 

wherein said first differential signal is representative of a difference between said 
signals generated by said first and second speed sensors; and 
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wherein said second differential signal is representative of a difference between 
said signals generated by said third and fourth speed sensors. 

21. (Previously Presented) The speed sensing system of Claim 20 wherein 
said signal processor is configured to cancel signal components common to said 
signals generated by said first, second, third, and fourth speed sensors. 

22. (Previously Presented) The speed sensing system of Claim 20 wherein 
said first and third speed sensors are configured to observe surface features of said 
target object; and 

wherein said second and fourth speed sensors are configured to observe 
subsurface features of said target object. 

23. (Previously Presented) The speed sensing system of Claim 20 wherein 
said first, second, third, and fourth speed sensors define a parallelogram having two 
sides parallel to the direction of motion of said target object. 

24. (Previously Presented) The speed sensing system of Claim 23 wherein 
said first, second, third, and fourth speed sensors define a rectangle having two sides 
perpendicular to the direction of motion of said target object. 
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